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Abstract

et e

R T SEA L M

This COMPENDIUM gathers together and presents ir coneisc outline form
much of the essential data on approximately 40 materials which appear to show
promise for use as high power infrared laser windows in the 10.6-um and 3- to
6-um regions, ‘

The data is presented in two ways: first, all candidate materials are ranked
(based on available experimental values) and listed in terms of a particular key
window parameter such as optical ahsorption, hardness, etc.; and second, perti-
nent data for a given candidate material are collected and presented as a single
package, for example for KCl, or for CdTe, etc.
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COMPENDIUM on High Power Infrared
Laser Window Materials
(LQ=10 Program)

1. INTRODUCTION

1.1 Background and Okjectives

Rapid progress made in recent years in the development of extremely high
power lasers has uncovered serious limitations in ancillary hardware and com-
ponents., In particular, the lack of materials suitable for fabrication into large,
strong, stable, low absorption exit windows is delaying, and in some cases jeop-
ardizing, the successfu' .evelopment of several militarily-distinctive eguipments.
This absence of zatisfactory window material is especially acute at the 10, 6-pm
wavelength and is also of considerable concern in the 3- to 6-um region.

In the early stages of their program to conduct ana support selected research
efforts for the purpose of identifying, preparing, characterizing, and testing pro-
spective window materials under high power laser conditions (the 1LQ-10 prograrn),
AFCRL personnel attempted to collect and assess experimental resuilts already
recorded in this area. A large degree of difficulty was encountered. Required
data were found to be sparse or non-existent, and much of what was assembled
was judged unreliable. It became apparent that very few mcasurements had been
1aade over wide enough or well-defined temperature ranges, or at the desired fre-
quencies. For example, the reader will note that most of the photoelasric conatants

(Received for publication 9 March 1972)




e S

are given at visible wavelengtha for lack of infrared data. Not surprisingly, many
materials were found to be insufficiently characterized with regard to purity,
stoichiometry, surface conditions, and so forth. In some cases - again not sur-
prisingly — the sensitivity and accuracy of experimental equipments were too manv~
ginal, casting doubt on the results obtai.ed.

In addition to the need for a systematic evaluation of data already in hand, it
became obvious that ernphasis had to be placed on the acquisition of new and more
reliable data from new and improved infrared materiale. Also, it was realized
that a single collection point for proven and new data would be of value to R&D pro-
grams underway or planned in the overall techuology of high power infrared laser
windows. This document is an initial attempt in this direction.

The COMPENDIUM has three main objectives: first, to serve as » single and
complete gsource of materials information for user scientists and engineers involved
in the development and manufacture of laser windows in the 3- to 8-u1a and 10, 6-um
regions; second, to encourage materials and solid state scientists to conduct
reliable measurements on materials so i.entified; and third, to encourage the
search for new and/or improved window materials,

The authors solicit comments on the data ccentained in the follov-ing sections.
New or extended information which can correct, complete, replace or otherwise
improve the accuracy and thoroughness of the contents herein is esrnestly sought
and should be brought to the attention of the LQ-10 Program Maua er at AFCRL,
With the continuing availability of improved materials and measuring equipments,
and with a larger number of investigators working in the field of infrared materi-
als, it is expected that more meaningful data can be accumulated in the next few
years than have been recorded to date. In this regard, it should be pointed out that
a second, updated edition of the COMPENDIUM is envisioncd within the year.

Apologies are made beforehand for the use of mixed systems of unita. The
choice for the dimensions employed in the tables fell in favor of current usage in
the field, rather than for a single MKS or other system,

1.2 Glossery of Torms

MOLECULAR WEIGHT - the sum of the atomic weights of all the atoms in
a molecule,

STRUCTCRE ~ generally includes: the crystal system (a division based on the
fact that all crystalline assemblages can be referred to seven sets of symmetry
elements, each set containing one characteristic feature); the lattice parameter
(the magnitude and direction of crystallographic axes generally chosen to corre-
spond with the edges of the unit cell, an imaginary parallelepiped of atoms which
when translated can reconstruct the pattern of all the atorns in the crystal); the
space grcun {an array of symmetry elements in apace which is self-consistent {.
its symmetry operationa).

o T L g e v g T e NW
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DENSITY — concentration of matter, measured by the mass pcr 1

volume (_g_r_r_\q) .
L em
MELTING POINT ~ the temperature at which the material changes from the

golid to the liquid state. This property is very sensitive to the presence of
impurities, The unit of measurement is °K.

BOILING POINT -~ the temperature at which th. . apor pressure in equilibrit 1
with the liquid is 760 mm, The unit of measurercat is °K,

VAPOR PRESSURE — the pressure exerted when a solid or liquiu "~ 1n eq.i-
librium with its own vapor. The vapor pressure is a function of the substance and
of the temperature. The unit of measurement is millimeter.

HARDNESS - the property of materials determined by their ability to abrade
or indent one another. Two scales of hardness are used: the Moh scale, which
rates materials according to their ability to scratch one another, and the Knoop
scalc. which is based on the extent to which a pyramidal diamond point is pressed
into a material with a known force. This property varies with material orientation.
Table 1 lists some representative materials which have had their hardness deter-
mined by both the Mch and Knoop methods.

"Table 1, Hardness by Moh and Knoop Methods

Material Moh Knoop Material Moh Knoop
Gypsum 2 32 Quartz 7 820
Calcite 3 135 Topaz a 1340
Fluorite 4 163 Titanium
Apatite 5 430 Nitride 9 1300
Orthoclase 6 560 biamond 10 7000

HEAT CAPACITY ~ the quantity of heat required to produce a 1°K temperature
change in a material. The heat capacity at constant pressure, Cp. is greater than
that at constecnt volume, C,, by the work of expansion in the constant pressure
process and the increase in internal energy accompanying the expansion. The units
of measurement are cal/mole, °k.

REFRACTIVE INDEX - the refractive index, n, of a material is the ratio of
L2 velocity of electromagnetic radiation in vacuum, ¢, to the velocity of the
radiation in the material, v, that is, n = % As a practical matter, the refractive
index is almost universally measured with respect to the velocity of rad tion in air,
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In effect, what is usually reported is the relative refractive index - the ratio of
the refractive index of the material to that of air, hopefully dry. The refractive
index of dry air varies with wavelength; it is reported to be 1.00029 at 6. 7um and
1.G0039 at 8, Tum.

Cubic crystals are optically isotropic, Single crystals of the tetragonal,
hexagonal, or trigonal systems have two principal refractive indices which are
designated as the ordinary, ny, and the extraordinary, n,.

TEMPERATURE COEFFICIENT OF THE REFRACTIVE INDEX - this property

is a measure of the change in refractive index with temperature and will generally
have a different value at each wavelength and temperature. In actual practice, the
coefficient i8 ordinarily measured over a range of temperatures for a given wave-
length, so that the experimental value is an average over that range. Another
limitation of accuracy is that as the temperature is changed during the measure-
ment, the specimen expands or contracts, causing a change in refractive index.
Unfortunately, many investigators neglect to mention whether compensation has
been made. The unit of measurement is °K-},

ABSORPTION COEFFICIENT - the absorption coefficient, 8, of a material ig
the reciprocal of the langth over which the intensity of an incident beam, I,, falls
to i/e, or 36,8%, of its original value. This term is derived from the Bouguer-
Lambert law of absorption

in which Ix is the intensity of the beam after traversing a specimen of the thick-
negs x. This is an idealized relation which aganmes no reflection at the air-
crystal interfaces. The unit of measurement is em L,

DIELECTRIC CONSTANT - the ratio of the strength of an electric field in a
vacuum to that in a specimen for the saine digtribution of charge. It is a function
of both frequency and temperature.

ENERGY GAP - the difference in energy levei between the top of the valince
band and the bottom of the conduction band. The unit of measurement is eV

-y




DEBYE TEMPERATURE ~ defined by the equation

hey
m
Op == %>

where h = Planck's constant, k = Boltzmann's constant, and Ym = maximum fre-
quency of the lattice vibrations. The unit of measurement is °K.

THERMAL CONDUCTIVITY - the amount, of heat conducted per secc across

! square cm of the specimen when the temperature gradient along the specimen is

10K per cm, The units of mea ucement are cal/sec, VK,

LINEAR COEFFICIENT ¢ * THERMAL EXPANSION -~ a measure ¢f the frac-
tional change in length per degree Kelvin change in temperature:

ae Lodl
leT

where 1y = length of specimen at temperature T. What is most commonly reported
as a is the mean coefficient of expansion,

= 1 Al
0:-—-—-———-.
10 AT

gince a significant temperature change is necessary in most measuring methods.
The unit of measurement is °K™1.

ELASTIC MODULI - the elastic moduli, 3ijs sometimes called elastic com-
pliance constants, are the proportionality coustants in the generalized Hooke's
Law equations relating he stress ~nmpunents (X,, Yy, o Xy) to the strain
components (x,, Yye coes xvy).

[ %] [F1r %12 513 %14 Si5 S16] [%(]
Yy 521 B2z S23 Sp4 S35 Spe| | Yy
Y| 1781 P32 a3 %34 %35 S3| | %
Yy 41 42 43 P44 B45 B4 | Y. | '
2y 851 S52 553 Bs54 855 %56 | 4x

| *y] [%1 %2 "63 %64 %65 Ses] i ny

The units of v ;:asurement are cmzldyne.




For cubic materials, these moduli are related to other well-known constants )

as follows:
Young's Modulus, E - 1/3ll
Poisson's Ratin,o = -8;,/8,
Rigidity or Shear Modulus, u = l/844‘
Compressihility = -3 (:311 + 2312) {
Elastic Constants, CSJ = |
Cip T 5y t ey isyy - s )y 28y)

Cyg = =8yp/(8)) = 8 )14 + 28,)

Cyq = 1/s44 .

ELASTIC CONSTANTS ~ the elastic constants, Cij (a'so called elastic coeffi- j
cients and elastic stiffness constants) are proportionality constants in the gener- i
alired Hooke's Law equations relating strain components (xx. Yos === xy) to stress

Yy
components (Xx' Yy' -——— Xy).

(%, ] [enn ez es c1a 15 a6 x, | !
Y, €21 S22 ®23 C28 25 Cu5 Yy !
| %2| _ |31 32 ©33 Ss4 ©35 ©36 2
Y, 41 42 43 a4 Sa5 CSus Ys
z, ®51 ©52 ©53 54 ©55 56 Zy
Xy €61 “62 “s3 64 65 C66 Xy

The units of measurement are dyne/cmz.
For cubic materials, these constants are related to other well-known constants

as follows:
Young's Modulus, E = (c11 + 2‘:12)(‘:11 - 01.2)/(011 + c12)

Poisaon's Ratio, o = CIZI(CII + clz)
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f . ¥ N M - . RIS . * N - "
T |3 il . 5 w 0 g g R . y p -
s o e e 3 : VRN, DI ey - R g..?,& Y .u- i 'P‘f»* ﬁﬂw o A = B
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Rigidity or Shear Mcdulus, u = Cq4

Bulk Modulus = (c11 + 2012)/3 .

APPARENT ELASTIC LIMIT — an arbitrarily chosen limit taken frcm the
stress-strain curve of a material. A commonly accupted limit occurs when the
slope of the stress-strain curve is half the slope at the origin. The vnits of

measurement are dyne/cmz.

MODULUS OF RUPTURE — nominal stress at fracture in a bend or torsion
test. In bending, the modulus of rupture is the berding moment at fracture
divided by the section modulus. In torsion, modul. 3 of rupture is the torque of
fracture divided by the polar section modulus. The units of measurement are
dyne/cm?,

STRESS-OPTIC CONSTANTS ~ the stress-optic constants, pij are coefficients
relating strain components (xx, yy - xy) to changes in refractive index accord-
ing to the [uvllowing relationships:

Fn -v ] _I/V 2 .1/ 2] ) | _x-]
11 " Vn 11 11 P11 Py2 P13 P14 Py5 Pyg x
N, ~ V 1lv 2 1/n 2
22 " Va2 "Vag 22 Pa1 Pag Pag Ppgq Pas Pag| | Yy
Npg ~ V 1/v 2. 1/n 2 p p P p P z
9 33 " V33| _ 33 33 21 P32 P33 P3q4 P35 P3g z
;?'. n v ) 1/v 2 1/n 2 ]
J 23 ~ Va3 23 ~ H/fgg Pyr Pgp Py3 Pag Pys Pygl | Yy
Mgy, ~V 1/v 2 1/n 2 D %
31 " V31 31 31 P51 Psa Pg3 Psq Pss Psgl | %y
n v 1/v 2. 1/n 2 p X
12~ 12 12 12 Pg1 Pg2 Pg3 Pgs Pgs Pga| | ¥y
- = b et — ——t -~ -

In these equations, nyje i the refractive index of the unstrained crystal, while
vij is that of the strained crystal,

PIEZO-OPTIC CONSTANTS — plezo-optic constants, qij' are coefficients
relating stress components (Xx. Yy n—- xy) to ciianges in refractive index:




. r_nu - vlﬂ rl/vl'f - llnlf—
: 292 " Va2 1ivyg - /ngy
. Ngg - Vaq N 1/"33 - 1/"3§
:’3 B3 - Va3 1/vy5 - 1,3
ngy - Vay 1/v3f - llnaf

: | M12 7 V12 :/"13 - ”"‘13_

The elasto-optic and piezo-optic constants are relsted as follows:

[
A
Pij * 2, %k kj
k=1
8
9 Z Piic Bgj *

—
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921
931
941
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2. DATA BY MATERIAL PARAMETERS

This section presents data as a function of several material parameters
expected to be of use to dovelopmental scientists and engineers. For additional
information about a particular material, reference should b. made to the mcre
detailed sections which follow, Also, prime references for the data listed are
generally given in the following sections,

While data on over 200 different materials were collected and evaluated aver
the past months, only about 40 materials were finally selected as prospective high
power infrared laser window materials and are the ones listed in the following
tablea, figures, and charts, One major criterion was used in this selection,
namely, the requirement that the material display, through laboratory tests, an
optical absorption coefficient of 1 em-1 or less at the particular wavelength,
Materials whose coefficients are in excess of this arbitrary (but rather high)
level are not expected to become candidate window materials - even with eventual

material quality improvement — and are not inclided in the COMPENDIUM,
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2.1 Optical Absorption Coefficient }

Table 2. Optical Absorption Coefficients, 8 at ~ 10um f

Material B(cm'l) ﬂ Material B em™b)

KBr 0.€003 CdSe 0.03

KCl 0. 0005 cds 0.03 1
RbCl 0. 0009 PbC1, 0.04

CdTe 0. 001 Ge* 0.06 }
Csl 0. 001 CdTe* 0.08 i <
MaCl 0. 001 B -PbF, 0.1 ‘
RbBr 0.002 ZnSe 0.1

ZnSe* 0. 004 RbF 0.1

CsBr 0. 004 KF 0.2

KItS~5 0. 005 Te 0.3

AgCl 0. 005 NaF 0.4

CucCl 0. 008 Zns* 0. 4 !
GaAs 0. 008 GaP 0.4 ‘
AgRr 0. 007 InP 0.5 |
InSb G. 009 AggAsSy 0.5 ‘
Ge 0.02 SrF, 0.6

TI 4 1173 0.02 Ag,ty 0.7

TI # 20 0.03 31 1,0

!
i
ePolycrysia 1
1
%

i,
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Ffigure 1, Optical Absorption Coeificient, 8 at 10um
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Table 3. Optical Absorption Coefficients, @ at ~ 3um

Material B (em™Y) Material ﬂ(cm"l)
Si 0. 001 B8 —PbF2 : 0.02
CdTe 0.002 BS-39B 0.02
CaF2 0. 003 A52$3 0.03
Ge 0. 003 TI # 20 0,03
BaF2 0. 003 TI # 1173 0.03
Ser 0,003 PbCII.2 0. 03
LiF 0. 003 MgO 0. 05
A1203 0. 003 RBRS-37A 0.05
Mng 0.005 T-12 0.1
GaAs 0. 008 B ~ZnS 0.4

e
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2.2 Temperature Cosfficient of Refractive Index
Table 4. Temperature Coefficient of Refractive Indax -g—,—‘i, at ~10pum
. Material D x107%/°K Material B %1075/
Csl ~9.17 InP + 8.2
CsBr -6.3 GaP +10. 0
CaF, ~5.6 CdTe +11.175
KCl -2.175 Si +16. 2
KBr -2.8 GaAs +18. 7 i
2
NaCl -2,52 ue +268,8 .
z NaF -0, 17 InSb +83, 2
E,
; TL # 1173 +7.9

[Emm———"

w——...
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|
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Figure 3. Temperature Coefficient of Refractive Index adg at ~ 10um
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Table 5. Ternperature Coefficient of Refractive Index, -g—',}:. at ~ 3um !
Material <8 x107%/%k Material 0 x 10'5/°K-
Csl -9, 54 A]203 1.0
CsBr -8.3
KBr -4,0 MgO 1.89
KCl -3.2 As,yS, 2.0 i
NaCl -2.5tc -3.3 Si 3.2 ’
Ban -1.7 ZnSe 4.8
LiF -1.8 CdTe 10, 7 .
NaF -1.8 GaAs 14,9 i
Ser -1.2 Ge 27.7
Can ~0.8 t0 1,15 ,

———

AN e
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’ 2.3 Thermal Conductivity j
;'.. Table 6. Thermal Condustivity of IR Materials, « ’
Material kx 1074 cal/em, sec, YK Materia) axio”? cal/cem, sec, °K ‘
Si 2500 NaCl 220 ,
)
e, InP 1673 Car," 190 |
' Mgt 1435 KF 170
Ge 1400 CdTe 167 I
, GaAs 1147 Te 150
s Mmgo* 1040 KBr 116 i
. InSb 850 CdTe* | o8
R B-Zns 833 . K1 74 ‘
) A1,0, 550 L, 800 [lc RbCl1 50
L : Cds 478 RbBr 50 {
T Zns* 370 AgBr 29 !
MgF, 360 AgCl \ 24 ‘
‘ MgF,* 350 Csi 27
o ZnSe 335 csBr 23 -
ZnSe* 310 KRS-5 13 :
ElaF2 287 A5283 9
LiF 270 TI# 1173 7
P GaP 263 TL# 20 6
' SrF, 239 As,Sa, i
CaF, 237 BS-374 0.1
NaF 220 BS-39B 0.1
KCl 220
a*
. *Polycrystal
\

[ER——




2.4 Linenr Thermal Expansion Coefficient

Table 7. Linear Thermal Expansion Coefficient, o , for IR Materials

Material ex10"8/°k Material e x 107879k

GaP 3.5 - 5.8 SrT, 15.8 - 28.5

Cds 45, 2.1l Te 16,17

Si 4.2 BaF, 18.4 - 20,3

CdTe 4.5 - 6.2 MgF, 18.8)] , 13.11

InSb 4.8 CaF, 19.7 - 24

cdTe* 5.5 - 5.9 car,* 19,7 - 24

Ge 5.5 - 6.1 T-12 21

(GGaAs 5.7 A82393 22

Ge* 6.1 As,S, 22.4 - 24.6

B-ZnS 6.1 AgCl 30 - 31

B -ZnS 6.2l , 61 B-PbF, 30.5

Zns™ 6.6 - 7.5 LiF 32.3 - 37

A1,0, 6.7, 5.0} AgBr 34. 9

ZnSe 7-8.2 KCl 36

ZnSe* 7.5 - 8.2 NaF 32-38

ZnTe 8 NaBr 37-42

BS-37A 9.3 KI 30-43

BS-39B 9.7 KBr 36 - 43

MgO 9.8 - 13.8 NaCl 36 - 44

Mg™, 10.6 - 12.0 Nal 41 -47

Mgo* 11,5 - 12.8 CsBr 47.9

TI # 20 18.3 Csl 48 - 50

TI # 1173 18 KPS-5 58
*Polycrystal

19
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2.5 Speciftc Heat
Table 8. Specific Heat of IR Materials, J/ cm3. °x

InSb 10.2 F AgB: 1.9
KI 9.83 NaCl 1.84
LiF 1.1 Ge 1. 65
Cds 3.83 si 1.6
GaP 3.49 As,S, 1.46
MgO 3.13 GaAs 1.42
mgo* 3.13 KCl 1.35
NaF 3.04 TI # 1173 1.32
ALO, 3.0 CdTe 1.3
MgF,* 2.93 TI # 20 1.20
CaF,* 2,171 KBr 1. 20
CaF, 2.7 | MgF, 1.19
BS-39B 2. 68 CsBr 1.17
Ser 2.54 A925e3 1,17
BS-37B 2,46 Csl 0.91
T-12 2, 37 BeF, 0. 40
Zns* 1.99 ZnSe 0.38
AgCl 1.98 I 8 -ZnS 0.2

*Polycrystal

v 5
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: . 2.6 Hardness
L
! Table 9. Hardness of IR Materials (Knoop)
R | 41,0, 1370 ZnSe 135-150
s Si 1150 SrF, 130
} GaP 780-945 CaF, 120-163
b .
. GaAs 750 Cds 122
: Ge 700-880 CdSe 117}, 53]
! *
( Ge 692 A3253 109 <
MgO 692 LiF 102-113
. [ i Mgo* 640 BaF, 65-82
‘ MgF,* 576 NaF 80
: i { InP 535 CdTe 45
L MgF, 415 cdTe” 45
i 1)
b Zns” 325-354 KRS-5 40
f U InSb 223 CsBr 20
* {
CaF, 200 NaCl 18
E B -Phr, A 200 AgCl 9.5
a -2ZnS 178 KCl 9.3
TI # 20 17 AgBr 7
[ TI # 1173 150 KBr 7 ‘
\ *
ZnSe 150
! *Polycrystal
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2.7 Young'- Mo

dulus

Table 10. Young's Modulus, E, for IR Materials
n - S e )

Material E(x10% psi) ﬂ Material E(x 108 psi)
MgO 51 <11.. InSb 10,77 <111>
A1203 50 ZnSe 10. 3

Mgo” 47.8 - 48.2 f ZnSe" 10.0
BS-39B 20.1 B -ZnS 8.6

St 19 LiF 9.3

MgF, 16.6 - 24.5 KC1 7.2 (110)
MgF,* 16.0 - 16. 6 cds 8.5
BS-37A 15.5 NaCl 5.8

Ge 15 CdTe 5.3

SrF, 14.5 cdTe* 5.3

CaF,* 14.2 - 21,0 | KBr 3.9

Zns* 14 AgBr 3.2 - 4.6
a-ZnS 14 TI # 1173 0.64 - 13.1
T1 # 20 13 Agcl 2.9

GaAs 13 KRS-$ 2.3

T-12 11.5 As,Sq 2.3

CaF, 10,9 - 17,5 CsBr 2.3
8-PbF, 1 csl 0.8

——
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2.8 Molting or Softening Point of IR Materials

Table 11. Melting or Softening Point of IR Materials
Material °K Meterial oK
MgC 2800 RbF 775
Al,0,4 2030 KBr 130
a -ZnS 1850 KbCl 715
Cds 1550 BS-39B 700
ZnSe 1525 RbBr 632
Si 1420 Nal 651
CaF, 1350 CsBr 636
GaP 1350 CrI 621
GaAn 1280 InSb 525
BaF2 1280 l"!:iCl2 501
Mng 1260 AgaAsS:_3 480

B -Zn8 1188 AgCl 455
CdTe 1088 SrF, 450
T-12 1060 e 450
InP 1055 Cul 430
Na¥ 990 AgBr 430
Ge 836 KRS-5 415
Ky 880 TI # 1173 370
LiF 870 TI & 20 340
B ~PbF, 855 As,S,e 210
NaCl 800 AngSeq 200

23
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3. DATA BY MATERIAL

This section presents dste by material, arbitrarily organized into one of
4 categories, namely the halides, pnictides, chalcogenides, and glasses, elements,

cther compounds. ‘
A materials locator has been devised on the next page which will facilitate the

location of each particular material -




BTy = e asmp

Pr— ———y — pronmemr—— ———

f
£
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I TS e e iy — " — — —— ——. t—— ma——— a—

3.1 Halides (I-VIl's, B-VII's, etc,)

T AL TS MMM emmeme  m— s ——— w— attrwrn  coaim— — .

3.2 Paictides (IIl-V's, etc.)

Lithium Fluoride

Sodium Fluoride

Sodium Chloride

Potassiuimn Fluoride

Potassium Chloride

Potassium Bromide

Rubidium Fluoride —

Rubidium Chloride

Rubidium Bromide

Cesium Bromide

Cesium Iodide

Silver Chloride

Silver Bromide

Cuprous Chloride

Calcium Fluoride
Strontium Fluoride—

Bariurn Fluoride
Magnesivm Fluoride

B -Lead Fluoride

Indium Phosphide

Indium Antimonide

Gallium Phosphide

Gallium Arsenide

T G e, S e m—— ——— — ——  —— r———— ¢ 2_——

3.3 Chaloogenides (11-VI's, otc.)

3.4 Gasses, Eloments, and Other Componnds

Zinc Sulfide

Zinc Selenide

Cadmium Sulfide

Cadmium Selenide

Cadmium Telluride

Arsenic Trisulfide

Silver Thioarsenate

Germanium

Silicon

Tellurium

Amminum Oxide

Magnesium Oxide

T #1173

TI #20

KRS-5

BS-37A

T-123

Wﬂ»"mllliil‘lHlilil!ﬁi‘iililli‘i‘i‘Iliiiiillii
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QPTICAL PROPERTIES

T = 298°K

Refractive Index

£0.03/cm at 3 pm

0/ci1 at 10 um;

< 1.z

Absorption Coefficien
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